after the operation; significant reductions in activity were observed after the operation. Conclusion: Differences in spontaneous sleep and activity exist among inbred and hybrid mouse strains. Accurate determination of sleep states in mice can be achieved with telemetrically recorded EEG and activity.
INTRODUCTION

PIONEER WORK BY VALATX 1 AND FRIEDMANN 2 SET THE STAGE FOR STUDYING THE SLEEP OF INBRED MOUSE STRAINS AND THEIR F1 HYBRIDS WITH THE IDEA THAT DIF-FERENCES IN SLEEP PARAMETERS among inbred strains of mice
could provide clues to the genetic basis of sleep. More recently, the development of transgenic and knockout mice, as well as advanced molecular techniques, have provided powerful new tools for examining biologic functions. [3] [4] [5] This has led to a sharp increase in selecting the mouse as the experimental animal for genetic and neurophysiologic studies in sleep in recent years and has provided considerable momentum in the search for the genetic determinants of sleep and the factors that influence it.
In rodents, there is a strong linkage between arousal and motor activity. 6 Mice have been found to have significant strain differences in spontaneously emitted activity, particularly in the open field. [7] [8] [9] [10] [11] There are also large genetic differences in movement in response to stimulant administration. 12, 13 Thus, it is possible that the distribution of motor activity and inactivity may be related to the distribution of wakefulness and sleep among mouse strains. However, few studies have investigated the relationship between the distributions of spontaneous movement and sleep among different mouse strains.
Sleep in mice has typically been determined from recordings of the electroencephalogram (EEG) and electromyogram (EMG) obtained utilizing cable-recording systems. Cable recordings have revealed considerable variance among inbred mouse strains for many sleep parameters. These include total sleep time 1, 2, 14 and total rapid eye movement sleep (REM sleep) [15] [16] [17] as well as total non-REM sleep (NREM sleep) [14] [15] [16] and the diurnal ratio of sleep. 14, 16 However, cable recording can produce concerns in mice not found in larger animals. Mice have smaller physical size and can be relatively faster moving with more vertical movement such as climbing on the watering tube and cage bars. Cable systems can limit such movement and can be difficult to adequately counterweight.
New commercial telemetry systems, using implantable transmitters, provide an opportunity to further eliminate concerns with cables and reduce potential recording-associated stress. Because the animals are not tethered, there is the potential for allowing more freely behaving animals. Telemetry could also allow more convenient and less stressful behavioral training and testing after implant surgery. Telemetry has been used successfully in rats [18] [19] [20] and naked mole-rats 21 to record EEG and EMG and motor activity for sleep studies. It also has been used for continuous measurement of body 22, 23 and brain 24 temperature and locomotor activity 22 and electrocardiogram (ECG), as well as heart rate, 25 in mice. Currently available transmitters that are small enough to be implanted in mice are typically limited to one electrophysiologic channel, though gross motor activity may also be obtained. However, the linkage between activity and arousal in rodents, 6 and previous work utilizing EEG and motor activity to score sleep in rats, [26] [27] [28] suggested that EEG and activity signals could provide sufficient information for scoring sleep in mice. Telemetry has not previously been used to record EEG and activity for sleep studies in mice.
METHODS
Subjects
The subjects were three inbred strains (C57BL/6J (B6), n=25; BALB/cJ (C), n=24; DBA/2J (D2), n=30) and one hybrid strain (CB6F1/6J (CB6: B6 x C) n=19). The mice were 8 to 9 weeks of age and weighed 20 to 30 gm at the time of surgery. All animals were obtained from Jackson Laboratories, Bar Harbor, Maine. The mice were individually housed in polycarbonate cages with food and water available ad libitum. The recording room was kept on a 12:12 light:dark cycle with lights on from 0700 to 1900 h. Ambient temperature was maintained at 24.5 ± 0.5 C. had the least sleep and the greatest amount of activity; D2 mice exhibited the least non-rapid-eye-movement (NREM) sleep, the longest average NREM-bout length, and the greatest diurnal ratio of sleep and were the most inactive; B6 mice had the most sleep and an intermediate activity level; no differences among inbred strains were observed in total REM. The CB6 mice exhibited intermediate levels of total sleep and activity and had greater amounts of REM compared to its parental strains. 2) Total operative mortality was 9.3%, with all deaths occurring within 3 to 9 days
Surgery
The mice were surgically implanted with one of the smallest available commercial transmitters (DataSciences ETA10F20; 3.5 gm and 2 x 1 x 0.7 cm) for recording EEG and activity. All surgical procedures were conducted with the mouse under isoflurane (5% induction, 2% maintenance) anesthesia. The body of the telemetry transmitter was implanted intraperitoneally through a midline abdominal incision. Leads from the transmitter body were led subcutaneously to the skull, after which the abdominal incisions in the muscle wall and skin were closed with simple interrupted-pattern sutures. The transmitter was attached to the muscle wall with 3 sutures to prevent internal movement. Holes were drilled in the skull to implant 2 EEG screw electrodes (Bregma: A:1.0, L:1.0; P:3.0, L:3.0 contralateral). The screw electrodes and telemetry leads were then covered with dental acrylic, and the scalp sutured closely around the resulting mound. All procedures were conducted in accordance with the National Institutes of Health Guide for the Care and Use of Experimental Animals and were approved by Eastern Virginia Medical School's Animal Care and Use Committee (Protocol # 99-021).
In addition, we found that the following procedures were helpful for ensuring successful implantations: We fed the animal highly palatable food (eg, Grapenut® cereal) for 3 or more days both pre-and postsurgery. Pre-surgery feeding allowed the mice to become accustomed to the novel food. We also placed the transmitter carefully so that it did not impinge on the bladder or interfere with the diaphragm and then densely sutured the incision in the abdomen. A topical antibiotic was applied to the incisions.
Recording and Determination of Behavioral States:
After recovery from surgery, uninterrupted sleep recordings were obtained for 3 to 5 days. Individual home cages were placed on a DataSciences telemetry receiver (RPC-1), and the transmitter was activated with a magnetic switch. When the animals were not on study, the transmitter was inactivated. Data from 3 days were scored and are reported in this study.
Telemetry signals (EEG and activity) were processed by a DataSciences analog converter (ART Analog-8 CM). The amplified signals were routed to an A/D board (Eagle PC30) housed in a Pentium class PC. The signals were digitized at 128 Hz and collected in 10 second epochs using a custom sleep-data-collection program (Dr. Jidong Fang). Behavioral state was visually scored in 10 second epochs as either wakefulness, NREM or REM, based on EEG and gross whole-body activity. Whole-body movements registered as brief TTL pulses generated by the receiver plates. Wakefulness was characterized by a low-amplitude EEG with mixed frequency components and by irregularly spaced and clustered TTL pulses on the gross-activity channel. In NREM, the EEG amplitude became larger and dominated by both delta (<4 Hz) and theta [6] [7] [8] [9] Hz frequency components. During REM, the EEG was characterized by a regular, low-amplitude theta rhythm. A few sporadic single TTL pulses could be seen during NREM and REM periods. The following parameters were evaluated: total sleep time, total NREM time, number of NREM episodes, NREM bout length, total REM time, REM percentage, number of REM episodes, REM bout lengths, and diurnal ratio of sleep (L:D).
Recording and Determination of Home Cage Activity
Home cage activity was recorded using infrared photobeam sensors and a computerized analysis system (AccuScan Digiscan Model RXYZCM(16)CCD). For recording, a standard shoebox home cage (28.5 cm x 17.5 cm x 12 cm) was placed inside the Digiscan sensor panels, and photobeam interruptions were monitored in three banks of sensors. The Digiscan sensors (16 x 16 x 16; distance between sensors, 2.5 cm) were contained in two banks (front to back and side to side; height, approximately 1.0 cm above the bedding floor) for recording horizontal activity and one bank (side to side; height, 6 cm above the horizontal banks) for recording vertical activity. A flat panel constructed of drilled Plexiglas® served as the cage top. This top also had a water bottle support that allowed the sipper tube to be positioned so that it would not interrupt the photobeams. Food and bedding were placed at a level below the photobeams of horizontal sensors.
Prior to placing the mouse inside the cage, we used the Digiscan diagnostic program to determine whether the photobeams were blocked by the water bottle sipper spout and adjusted as necessary so that all beams worked properly. Cages were freshly changed before beginning recording. Following a habituation period of 4 hours to the newly changed cage, activity was monitored for 72 consecutive hours. With these procedures, home cage activity data were collected in all four strains of mice before surgery and were also examined in 8 C and 10 D2 mice as post-operative data following sleep baseline recording. Home cage determination included the following parameters: 1) travel distance (cm), integrated from the two banks of horizontal sensors; 2) number of vertical movement, integrated from the number of beam interruptions that occurred in the vertical sensors; 3) inactive time, scored when both horizontal and vertical movements were zero during individual primary 1-minute samples.
Procedures for Activity Monitoring and Sleep Recording
The general flow of procedures was: 1) habituation to the recording room for 10 days after arrival; 2) monitoring home cage activity for 3 days; 3) surgery; 4) post-operative recovery for 7 to 10 days; 5) monitoring sleep for 3 to 5 days; and 6) recording post-operative home cage activity in C and D2 strain mice for 3 days. All studies were conducted in the same room.
Data Analyses
Activity and sleep parameters for each individual subject were averaged across 3 days and time matched. The data were subjected to oneway analysis of variance (ANOVA) procedures. Pairwise comparisons of the means were conducted with Tukey tests when appropriate. A within-subjects t-test was used for comparing pre-operative and post-operative activity data in the C and D2 mice. The relationship between movement and sleep was assessed with a correlation analysis and with the two-sample Kolmogorov-Smirnov (K-S) test, which determines whether there are significant intervals between cumulative frequency distributions. The criterion for significance was p < 0.05, unless indicated otherwise.
RESULTS
Telemetric Recorded Sleep Parameters
Telemetric EEG and gross motor activity produced records with easily discernible wakefulness, NREM, and REM ( Figure 1 ). The EEG displayed amplitude and frequency characteristics similar to those reported for cable recording. During the waking period, the TTL pulses indicating gross activity were frequent and typically occurred in clusters. Almost no motor-activity signals were observed during asleep, although there were a few single pulses during REM and NREM periods in a few records.
Inbred Strains
Significant differences in sleep were observed among inbred strains (Table 1; Figure 2 ). In the total 24 hour recordings, the B6 mice had the most and C mice had the least total sleep. Although, the D2 mice did not significantly differ from the other two inbred strains in total sleep, the mean was closer to that of the C mice. Similar amounts of total REM sleep and REM percentage were exhibited within the three inbred strains. The B6 mice had more NREM sleep than the other two strains.
The diurnal ratio of total sleep (L:D), was greatest in the D2 mice, intermediate in the B6 mice, and least in the C mice. The C mice exhib- ited the least total sleep, NREM, and REM sleep in the light period. The D2 mice showed the least total sleep and NREM in the dark period whereas, REM parameters were still relatively higher during dark period. However, sleep could be highly variable during the dark period across days in the D2 mice. During this period, the difference across days could be quite large, ranging from 160 minutes (1 mouse), 120 ± 30 min (8 mice), 60 ± 30 min (4 mice), to less than 30 min (3 mice). In addition, in 3 D2 mice, total sleep in the dark period of a single recording day was less than 90 minutes. On these days, mean NREM episode duration was 3.8 ± 0.4 minutes. These values are considerably shorter than the overall mean, suggesting that sleep can be highly variable even under noninterrupted baseline conditions in this strain.
The total hourly NREM and REM sleep showed a similar pattern over 24 hours of recording within each mouse strain ( Figure 2 ). The B6 and C strains had peaks of NREM and REM in both light and dark periods. In contrast, the distributions in the D2 mice were relatively flatter than in the other two inbred strains in both the light and dark periods. The D2 strain also showed significantly fewer NREM and REM episodes and greater average durations of NREM and REM in the total 24-hour recording.
The similarity of sleep patterns among inbred mouse strains was assessed by correlation analyses and the K-S test on the basis of the hourly data across 24 hours (Table 2) . Greater correlation coefficients and no significant differences on the K-S test would indicate greater correspondence between sleep distributions across strains. Accordingly, B6 and C mice had greater correspondence in total sleep, NREM and REM than either strain did with the D2 mice. The D2 and B6 mice showed a slightly greater similarity in sleep patterns than did the D2 and C strains.
Hybrid Strain
Total sleep and NREM sleep across 24 hours in the CB6 hybrid strain was intermediate between the parental B6 and C mice. This difference was mainly because the CB6 mice had less sleep than did the B6 mice in the light period. The CB6 mice showed a greater total number of REM episodes and greater REM duration than did the parent strains; this difference was due to a greater number of REM episodes in the CB6 than the C mice during light period, and greater number of episodes in the CB6 than the B6 mice in dark period. The hourly distribution patterns of NREM and REM sleep across 24 hours were similar to that of the parent strains. Correlations between CB6 and C mice were greater than between CB6 and B6 in total sleep, NREM and REM sleep in the total 24-hour recording period and in the light and dark periods ( Table 2) .
Home Cage Activity
Inbred Strains. Table 3 presents home cage activity and inactivity parameters across mouse strains. The measures of home cage activity differed significantly among inbred mouse strains. Based on total 24 hour activity measures, the inbred mouse strains could be ranked: C > B6 > D2. Though icance in the D2 relative to B6 mice, they did exhibit significantly fewer horizontal movements than did the B6 mice. Similarly, D2 had the most, B6 was intermediate and C displayed the least inactive time. These ranks were similar for both light and dark periods. These recordings also showed the typical pattern of greater activity during the dark period in all strains. Visually, the D2 mice appeared to have a more relaxed body posture during sleep, with greater respiratory movements and low muscle tone in the abdomen. Hybrid Strain. On the basis of the means of home cage activity parameters (Table 3) , the CB6 mice were intermediate between B6 and C mouse strains. There was no significant difference in travel distance compared to both parent strains, and the number of horizontal and vertical movements was similar to that of the B6 mice and less than that of the C mice.
Relationship Between Sleep and Motor Activity. Figure 3 shows the relationship between hourly total sleep and hourly inactivity over 24 hours in each mouse strain. This illustrates that all four strains of mice had more inactive or nonsleep time in the light period than in the dark period on the basis of the K-S test results. Among the three inbred mice strains, D2 mice displayed the greatest difference between sleep and inactivity. They also exhibited significant differences in the dark period not found in the other three mice strains. The C mice exhibited the best correspondence between inactive time and sleep time, and correspondence in the CB6 mouse strain was intermediate between C and B6 mice. The comparisons of total inactive or nonsleep time in Table 3 showed similar patterns among the four mice strains.
Summary of Sleep and Activity in Mice
The results demonstrate significant differences in sleep and activity among the mouse strains that we examined. The C strain was characterized by the least sleep and the most activity. The D2 strain exhibited the least number and the longest average duration in sleep episodes and the greatest diurnal ratio of sleep; it was the most inactive. However, sleep in this strain was also the most variable during the dark period across recording days. In contrast, the B6 mice had the most total sleep and were intermediate in activity measures. The CB6 hybrid strain exhibited intermediate total sleep and activity. Interestingly, there were no significant differences in REM parameters among inbred strains, although the CB6 mice had more REM than did either parent strain.
Technical Issues Related to Telemetric Sleep Recording in Mice
Surgical Mortality. At the time of this writing, implantation surgery has been performed on 129 mice (including some not used in this study) in our laboratory over a nearly 2-year period. No mice died during surgery. The total mortality during the recovery period following surgery was 9.3%. All deaths occurred during a period of 3 to 9 days after surgery (5.8±2.2 days). Pre-operative body weight did not differ between mice that died (24.3±1.9 gm) and those that survived (25.2±1.9 gm). Animals that later died showed decreased movement, appetite decreased and drinking as well as more weight lost after surgery. Ileus and pressure points on internal organs were noted in the animals that died. Local infections also were observed around the transmitters in the abdomen of a few mice that were implanted early in the series, but otherwise infection was not observed. Both of these potential problems can be minimized by appropriate placement of the transmitter and by sterile surgical technique. Table 4 presents the weight and number of animal deaths during the post-operative period in each mouse strain. The D2 mice had the greatest mortality rate. The relatively reduced activity in this strain could have increased the probability or severity of ileus. Since these data were collected, we have noted increased survival in mice of this strain implanted at slightly older ages and greater weights. Indeed, the CB6 mice had greater body size than had the three inbred mouse strains, and they also had the greatest survival, suggesting that greater size could improve survivability. Table 5 presents photobeam activity recorded before and after surgery in C and D2 mice, the most-and least-active strains, respectively. Post-operative activity measures were decreased in both strains. Travel distances were significantly reduced after surgery compared to before surgery in both strains; the suppression occurred mainly during the light period in the C mice and during the dark period in the D2 mice. Vertical movement was reduced and inactive time was increased in the D2 mice but not in the C mice. Figure 4 presents the hourly inactive time. Similar activity patterns were observed in both strains in the pre-operative and post-operative records. The greatest differences between pre-operative and post-operative activity were observed during the later light and earlier dark periods in the C mice and during the dark period in the D2 mice.
Effect of Surgery and Transmitter Implantation on Home Cage Activity
DISCUSSION
Sleep and Motor Activity in Mice
Inbred Mouse Strains. B6 mice may be the most extensively studied of all inbred strains, and it is the strain that has most often been used for comparisons to the C and D2 strains. Both the C and D2 strains of mice have been reported to exhibit more general inbred deficits relative to B6. [29] [30] [31] In this study, the B6 mice had the most total sleep and the most NREM of the three inbred strains. They also had an intermediate level of activity. Thus, differences in sleep and activity found between B6 mice and the C and D2 strains could represent aspects of inbred deficits, at least with respect to the B6 strain.
The C mice had the least sleep and were the most active among the three inbred mouse strains we examined. C mice displayed greater spontaneous home cage activity than did B6 mice, whereas many studies have reported that C display less activity than B6 mice when placed in an open field. 3, 9, 11 We have also found that C mice are less active during the first 5-minute period in the open field. 32 However, the greater homecage activity in the C mice suggests that their open-field activity may be suppressed to an even greater relative degree.
D2 mice had the least activity among three inbred strains and had intermediate levels of total sleep. Significant differences between sleep and movement distributions in D2 mice suggest that mechanisms exist that may specifically act on the motor system 13,33-35 do not similarly affect sleep regulation. Visually, D2 mice appear to have lower muscle tone during sleep, although this needs to be verified by EMG recordings. Therefore, it is possible to hypothesize that both longer sleep episodes and the greater sleep diurnal ratio may be associated with the low spontaneous motor activity in D2 mice. The low muscle tone may promote longer sleep episodes and sleep time in the inactive period.
Hybrid Mouse Strain. In the present study, the CB6 strain was intermediate in total sleep and sleep diurnal ratio as well as in activity measures in comparison to the parent inbred strains. The sleep results follow other studies in which total sleep and total REM in F1 hybrid mice 1,2 and rats 36 were below or intermediate compared to the parent strains. B6 mice have been ranked higher on most phenotypic indices of inbred mouse strains and have exhibited fewer inbred deficits. 3 The similarity to B6 in total sleep time, sleep diurnal ratio, emotion, and spontaneous movement may represent hybrid vigor in CB6 mice. CB6 mice also express hybrid vigor in life span 29 and body size. In addition, the CB6 mice exhibit greater total REM than do both parent strains, with amounts more similar to B6 mice in the light period and C mice in dark period. QTL studies in recombinant inbred C and B6 mice 37 have found that the expression of REM during the light and dark periods is determined by different genetic factors.
Relationship Between Inactivity and Sleep
We also recorded home cage activity in the four studied strains and compared the distribution of activity and inactivity to that of sleep. These measurements show that noninvasive measures may provide temporal distributions of inactivity that resemble those of electrographic sleep in some mice strains. For instance, in B6, C, and CB6 mice there was considerable correspondence between inactive time and sleep time. However, this was not the case for the D2 mice, which exhibited the greatest inactive or non-sleep time. Therefore, the utility of activity and inactivity as indicators of wakefulness and sleep may vary with strain.
Telemetric Sleep Recording in Mice
Telemetry may offer advantages for certain types of recording situations or experimental paradigms. For instance, in our work, we focus on the impact of aversive conditioning on sleep. Without a tether, the animals can be transferred from home cage to conditioning apparatus very easily and are not subjected to the potential extra stress of disconnecting and reconnecting the cable for each manipulation. In addition, the mice may have relatively more freedom of movement. These potential advantages need to be carefully weighed with the disadvantages of telemetry compared to cable techniques. For instance, surgical trauma is greater, and currently available transmitters are large relative to the body size of mice. In addition, while the activity records can be an aid in the accurate determination of three behavioral states, the availability of only one electrophysiologic channel places a high reliance on EEG for scoring behavioral states, and finer discriminations would be difficult to perform reliably. Lastly, telemetry can be more costly, both in the initial startup and over time, as the transmitters must be refurbished periodically. 
Groups with a common letter are significantly different from the others of the same row by Tukey test; T, L and D indicate total 24-hour and 12-hour light and dark periods, respectively.
Stress from Surgery and Transmitter
No mice died during surgery in the 129 implanted mice that we examined in preparing this report. This suggests that adult male mice are highly tolerant to the immediate trauma of the implant surgery. However, we did have a mortality rate of 9.3% between 3 and 9 days after surgery. This mortality rate is similar to the survival rate of over 90% reported for telemetric implants used for recording blood pressure and heart rate in B6 mice. 38 However, it should also be noted that the reported mortality rate encompassed the period when we first began utilizing telemetry. Thus, it included animals implanted during a learning period when surgical errors were more likely and when we were just developing postsurgical care procedures that have enhanced survival. With good surgical technique and postsurgical care, the number of viable implants can be substantially increased. For instance, in 38 mice implanted more recently, a single mouse died on the fifth day after surgery.
Most of the animals that died as a result of the implantation procedure showed reduced movement, appetite, and drinking as well as weight loss. The most common problem was ileus, which was most likely related to the location of the transmitters in the abdomen. This and potential problems with bladder and diaphragm function can be reduced with careful placement and securement of the transmitter. Interestingly, the higher mortality in D2 mice (16.7%) could be potentially associated with the strain naturally lower activity, which could possibly lead to more chances of having secondary abdominal complications.
The implanted transmitters could significantly decrease home-cage activity, as indicated by the records of the mice that we recorded after surgery. Intraperitoneally implanted transmitters have also been reported to decrease running wheel activity. 25, 38 This suggests that while current telemetry recording devices may allow a greater freedom of movement for certain activities, the overall level may still be lower than before implantation.
EEG Signals by Telemetry
Based on visual inspection, telemetric recordings of EEG in B6 and D2 mice appear similar to those of cable recordings in the same strains. 14, 39 This suggests that there is reasonable correspondence between the fidelity of EEG recording by telemetry relative to that recorded by cable. However, while behavioral state is easily determined with visual scoring of the EEG, the filtering characteristics of the transmitters may be a concern if a frequency analysis of the EEG is desired. For all DataSciences transmitters, the high-pass filter is nominally 1.0 Hz, though the actual cutoff is between 0.5 Hz and 1.0 Hz. The low-pass filter is 200 Hz for a single-channel transmitter, such as ETA10-F20. The input impedance for an ETA-F20 is 300 KOhm and high impedance at the lead and tissue interface could affect the frequency response, signal amplitude, or both. Also, there could be attenuation of any frequency components lower than 1Hz.
Another concern is whether battery life may impact signal quality. We have successfully recorded mice for 2 months and longer. In our longer-term studies, in which the total recording time reached 720 hours during a period of 6 weeks, the recordings maintained consistent EEG amplitudes across time that were sufficient for visual scoring. Reimplanted transmitters also did not show any apparent diminution in EEG amplitude. Inferior EEG signals during long-term data collection were typically due to electrode connection problems, not the life span of battery. In addition, we keep records of each transmitters use and replace the battery prior to the end of its recommended life so that failure does not occur during a study.
Behavioral State Scoring Utilizing EEG and Activity
A critical issue with respect to using telemetry for recording sleep in mice is whether accurate state determinations can be made based on EEG and activity. This places a high reliance on EEG, and recording quality is critical. Generally, continuous NREM sleep can be scored with EEG alone, though intermittent NREM episodes can be more challenging. However, even with EMG available, as in cable recordings, there can be more variability in how these records are scored because EMG amplitude criteria for NREM determination are not as clear as are the EEG changes. Thus, scoring intermittent NREM still relies more on prominent EEG changes. For NREM, we required slow-wave EEG (duration longer than 10 sec, 1 epoch) on a longer inactive background (30 sec, 3 epochs). This has proven sufficient for our purposes but may not be adequate for all research questions. As for distinguishing wakefulness and REM, the theta-dominated waking EEG contains more irregular components in both frequency and amplitude relative to normal REM activity. The activity signal can also be of considerable help in distinguishing REM and wakefulness.
The present results indicate that the combination of good quality EEG signals and gross activity can provide satisfactory records for scoring the basic states of wakefulness, NREM, and REM. Indeed, we have obtained quite consistent results across time. The records described in this paper were obtained over a period of at least 18 months in which we recorded from squads of 2 or more mice of each strain. Consistent baseline sleep parameters in both total sleep measures and hourly distributions were obtained within strains across time. However, telemetry as described here would be of limited use for finer-state discriminations (eg, discerning tonic and phasic REM).
Telemetric vs. Cable Recorded Sleep
Many factors can impact sleep, and there is tremendous variability in the reported sleep of mice, even in the same mouse strain across studies and over time. However, given the newness of telemetry for recording sleep in mice, we compared our results to those obtained in the same strains using cable recordings. 14, 17, 40 These results illustrate some interesting similarities and differences, though the number of available strains is very limited. Table 6 presents sleep parameters for B6 and D2 mice and three other recent studies examining the same strains. Four studies have reported sleep data in B6 mice, and Table 6 gives an idea of the range of values that can be obtained within a single strain. The one consistent difference between telemetric and cable results was that the sleep-diurnal ratio with telemetry was less than that obtained with cable recordings. This appeared mainly due to either greater, or relatively more, sleep in the dark period in the telemetry recordings.
Only one other study has, thus far, reported on D2 mice. 14 Franken et al 14 reported a low level of dark period sleep and fragmented NREM sleep in this strain. In contrast, while we found lower levels of sleep and NREM in the dark period, mean episode length was considerably longer than that, they observed. Part of this difference may have been linked to epoch criteria. Franken et al 14 used a 4-second scoring epoch and reported prominent short 4-, 8-and 16-second episodes, whereas our minimum epoch was 10 seconds. However, we did see reduced sleep and shorter episode durations in a small number of animals. This could account for some of the difference in the diurnal ratio between studies, since the D2 mice Franken et al 14 recorded exhibited a preponderance of reduced dark period sleep. Both studies report on baseline, uninterrupted and undisturbed, recordings so the differences could reflect differences in technology, scoring criteria, environment, or some combination of factors.
Sleep recordings have also been obtained in BALB/c mice, though we did not include data from previous reports because they were obtained from different suppliers or the parameters we examined were not easily determined. For example, Kitahama and Valatx 15 previously reported that C mice (BALB/c Orl) had an hour more total sleep than did B6 mice (C57BL Orl), and both strains had more total sleep than reported more recently with both cable 15 and telemetry (current study). In our hands, with mice obtained from Jackson Labs, the C strain had less total sleep and was more active than the B6 strain. However, strains can also vary across suppliers, and characteristics may change across time. In this respect, it is interesting that Valatx has noted that recently obtained BALB/c mice (IFFA-CREDO, Charles Rivers) are more active than In conclusion, these data suggest that adult male mice are tolerant and adaptable to transmitter implantation and that wakefulness, NREM, and REM can be determined based on EEG and activity. Limitations for telemetry as a technique are mainly due to the small number of electrophysiologic channels and to the relatively large size of currently available transmitters. However, telemetry may be useful for specific sleep research questions in which cabling may be problematic. 
